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Antagonists aiid Use to Modulate ImmiinerSystem 

■Field of the Invention 

ThpfficM of the invention is.meoicine, inimunojogy, molecular. biology and 
protein chemistry. 



background of the Invention 

KjM-1 (Jtidney /njury Moiecule-1) is a type I cell membrane glycoprotein 
10 achimyra et jj, 1998, /. */*/. CAem. 273:4135-4142). The extracellular portion 

(ectodortwin) of KUVt-1 contains a six-cysteine immunogjobulin-like domain aridaT/SP 
«ch dom^cnaracteristic of mucin-fike Q-glycosyiated- proteins. The mucin domain 
;e *tend S me!lg^^ 1990 . 2W 

Si ° Cta 15: ^l-294). HM-1 has been identified as the receptor for hepatitis A 
15 virus (Kaplan et al., 1996, EMBO J. 15:4282-4296; WO 96/04376; U.S. Patent 

No. 5,622,861). Two human.KIM-1 splice variants have been discovered, with one being 
predonnnantd I i thediver(Feigelstock, 1998,7. Virol 72:6621-6628), and the other being 
predominant in the kidney (Ichimura.et al., supra). 

KIM-1 is a member of a gene family known as the TIM (T cell /mmunoglobulin 
10 and Mucin domain) family. Jn addition to KEVI-1, there are at least two other members of 
the TIM family in humans. One member was cloned and originally designated the "200 
gene" (WO200073498), but subsequently came to be known as TIM-3. Another member 
was cloned and designated "gene 58" (W099/38881). 

KIM-1 has attracted interest as a clinical diagnostic marker for kidney damage 
5 (BaiUy et al., 2002, /. Biol. Chem. 271 '.-39739-391 '48; Han et al., 2002, Kidney Intl. 
62:237-244). A mouse homolog of KBVt-1 (TJM-1) has been reported to exist within a 
genetic locus thought to be involved in the development of airway hyperreactivity 
(Mclntire et al., 2001, Nature Immunology 2:1 109). A mouse protein known as TDvI-2 
has been reported to play a role in the in vivo generation of antigen-specific T cells 
y (Kumanogoh et al., 2002, Nature 419:629-633). A mouse protein known as TIM-3 has 
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*been associated with immune response regulation in -mice (Morlney et al., 2002. Nature 
415:536-541). 

Summary of the Invention 

» has been discovered that treatment of a mammal with a fclfcH antagonist alters 
^.interaction of Tcells with other immune system cells, e.g., dendritic pells, monocytes 
macrophages, and B cells, and thereby strongly suppresses an IgQ response to ah antigen. 
^ addition, it has been discovered that such treatment almost elitninates igGlrproduction 
by memory B cells in response to subsequent challenge with the antigen. .Based on these, 
discoveries, the invention provides methods for therapeutically modulating immune 
.function in autoimmune diseases and other disorders of the .mammalian immune system. 

The invention provides a method of inhibiting signaling between a T cell and a 
secondxell, e.g., ah antigen-presenting cell (APC), in a mammal. The method includes, 
. identifying a mammal; e.g., ohe with an immune. disease or disorder, or one preparing to 
receive a tissue graft; and administering to the mammal an effective amount of one of the 
following types of KEV1-1 antagonist: (a) a polypeptide comprising a KIM-1 Ig domain! 
and lacking a transmembrane domain and a KDvI,l cytoplasmic domain; (b) an anti- 
•KBvI-1 antibody; and (c) an antigen-binding fragment of an anti-KIM-1 antibody, 

. The Tcell may be an activated T cell, e.g., a T helper cell, or. more particularly, a 
Th2 cell. In some embodiments of the invention the T cell is a grafted, donor T cell. The. 
APC can be, but is not limited to, a monocyte, a macrophage, a dendritic cell, or a B cejl. 
Li some embodiments of the invention, the APC is presenting an aiitoantigen. 

Preferably, the KlM-1 antagonist is a soluble polypeptide, which can include a 
KIM-1 mucin domain in addition to the KIM-1 Ig domain. In some embodiments the 
polypeptide includes a heterologous moiety, e.g., an immunoglobulin (Ig) moiety, a 
serum albumin moiety, a targeting moiety, a reporter moiety, a multimerization moiety, 
and a purification-facilitating moiety. A preferred heterologous moiety is an Ig moiety 
such as an Fc moiety. 

In some embodiments the KEvl-1 antagonist is apolypeptide conjugated.to a 
polymer such as polyalkylene glycol, a sugar polymer, or a polypeptide. A preferred 
polymer is a polyalkylene glycol, with polyethylene glycol (PEG) 'being particularly 




preferred. The average molecular weigh^pf the^olymer preferably is,from 2;000Da-to 
30,000 Da., and more preferably from 5;000 Da to 20,000 Da., e.g., about i0#00 Da, 

The invention provides a method of inhibiting activation of a£ cell in a-marhrnal, 
*:g., by an activated T cell such as a Th2 cell. The method includes contacting the B pell 
or other APCwith an effective amount of a KIM-1 antagonist, or the T ceJl, if the 
antagonist is an#hti-jClM-l antibody. In some embodiments of the inventjon,the 
activated T cell ds ; a grafted, donor T cell. 

The invention provides a method of inhibiting production in a mammal of a 
subset of antibodies such as IgG.e.g.^IgGl,- reactive against one or more antigens.. The 
•■method includes administering an effective amount of a KIM-1 - antagonist. - In some" 
embodiments the effective amount of the' KIM-1 antagonist is administered between 
30 minutes and 30 days before the immune system of the mammal first recognizes the 
one or more antigens. The antigens are alloantigens or autoantigeris, depending on die 
disease, disorder or condition being treated. 

The invention provides a method of inhibiting disease relapse in an autoimmune 
disease. The method includes administering an effective amount of a KIM-1 antagonist. 

The invention provides a method of inhibiting epitope spreading in an 
autoimmune disease. The method includes administering an effective amount of a 
KIM-1 antagonist. 

The invention provides a method of treating a Th2 cell-mediated- disease, e.g., 
-systematic lupus erythromatosis, myasthenia gravis, autoimmune hemolytic anemia, 
Chagas disease, Graves disease, idiopathic thrombocytopenia purpura (FTP), Wegener's 
granulomatosis, polyarteritis, nodosa, rapidly progressive crescentic glomerulonephritis, 
or graft-versus-host disease (GVHD), asthma, atopic dermatitis, atopy disorders such as 
airway hyperresponsive diseases and airway distress syndromes. The method includes 
.administering an effective amount of a KIM-1 antagonist. 

The invention provides a method of inhibiting GVHD. The method includes 
administering an effective amount of a KIM-1 antagonist between 30 minutes and 
30 days before the graft. 

As used herein, ".anti-KIM-1 antibody" means an antibody, e.g., an IgG molecule, 
that binds specifically to the extracellular portion of a full length KQM-l polypeptide. 
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As-Usedherein, «*fulidengtti hutfahtflM-l polypeptide" means. me polypeptide :of 
SEQ ID NO: 1 iaits entirety or.SEQlD NO;2 m its entirety. These two polypeptides 
represent splice variants of .the^uiiian KIftt-1 gene. 

As.useq herein, ^heterologous moiety" means an amino acidsequence not^resent 
5 -in a ftUl-length KlM-1 polypeptide. 

As used herein, "KIM-1 antagohist»,means <a) a polypeptide comprising a KlM-1 
•Ig domain, and lacking a transmembrane domain arid a KIM-1 cytoplasmic domain; 
m an anti-klM-l antibody; or (c) an antigen-binding fragment of an anti-KIM-1 
anjibody,*ach of which blocks, infants, or interferes with, the biological activity bf a 
*0 natni^y-occurringKD4.-l. 

As used herein, "KlM-l fusion protein" means a fusion protein that includes a 
.KIM^l moiety fused to a heterologous moiety: 

As .used herein,. "KJM-1- moiety" means- a biologically active fragment of a full- 
length KIM-1 polypeptide. 

As used herein, "KIM-1 polypeptide" means a KIM-1 moiety alone or afusion 
protein -that includes a KBVJ-1 moiety. 

As used.herein, "KIM-1 Ig domain" means a portion of SEQ ID NO:l whose 
amino terminus is amino acid 29-36, and whose carboxy terminus is amino acid 105-107. 

As used herein, ^KBVI-1 mucin domain" means a portion Of SEQ ID NO: 1 whose 
amino terminus is amino acid 126-130, and whose carboxy terminus is amino acid 255- 
274. 

As used herein, "KIM-1 transmembrane domain" means amino acids 290-31 1. of 
SEQ ID NO: 1. 

As used herein, "KIM-1 cytoplasmic domain" means amino acids 312-334 of 
25 SEQ ID NO. l, or 312-359 of SEQ ©NO:2. 

Unless otherwise defined, all technical aqd scientific terms used herein have the 
same meaning as commonly .understood by one of ordinary skill in the art to which the 
invention pertains. In case of conflict, the present specification, including definitions, 
will control. All publications, patents and other references mentioned herein are 
30 incorporated by reference. 
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Although methods and materials similar or equivalent to those described herein 
can be used in the practice or testing of the invention, the preferred methods and 
materials are described below. The materials, methods and examples are illustrative 
only, and are not intended to be limiting. Other features and advantages of the invention 
will be apparent from the detailed description and from the claims. 

Brief Description of the Drawings 
FIG. 1 (prior art) is a schematic representation of two naturally-occurring splice 
variants of the human KIM-1 polypeptide. The two amino acid sequences are identical 
through residue 323. The signal sequence (residues 1-20) indicated by an underline 
The transmembrane domain (residues 290-31 1) is indicated by a double underline. 

FIG. 2 (prior art) is a schematic representation of the 359-amino acid human 
KIM-1 splice variant. The signal sequence and transmembrane domains are indicated by 
darkshadrng. Cysteine residues in the Ig domain are indicated by "C.» Inverted triangles 
15 mdrcated N-glycan attachment points. A TSP-rich region, which corresponds to the 
mucm domain, is indicated by shaded thickening. 

• FIG. 3 is a histogram summarizing immunoglobulin titers measured on day 14 in 
Balb/c mice receiving a primary challenge with sheep red blood cells (experiment 1). 

FIG. 4.is a histogram summarizing immunoglobulin titers measured on day 14 in 
20 Balb/c mice receiving a primary challenge with sheep red blood cells (experiment 2). 

FIG. 5.is a histogram summarizing immunoglobulin titers measured on day 7 in 
C57B1/6 mice receiving a primary challenge with sheep red blood cells. 

FIG. 6 is a histogram summarizing immunoglobulin titers measured in mice from 
experiment 1 after being allowed full recovery from the primary challenge (FIG. 3) and 
25 thenrechallenged. Immunoglobulin titer was measured on day 3 after rechallenge. 

FIG. 7 is a histogram summarizing immunoglobulin titers measured in mice from 
experiment 2 after being allowed full recovery from the primary challenge (FIG. 4) and 
then rechallenged. Immunoglobulin titer was measured on day 3 after rechallenge 
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Detailed Description of the Invention 

The native human KIM-1 gene encodes a polypeptide (FIG. 1) containing 
334 amino acids or 359 amino acids (SEQ ID NO: 1), depending on splice variation, 
which is at least partially tissue-dependent. Both sequences include: a signal sequence, 
5 an Ig domain, a mucin domain, a transmembrane domain, and a cytoplasmic domain. 

Using a soluble, dimerized, KIM-1 ectodomain-Fc fusion protein (each monomer 
containing the mouse KIM-1 ectodomain and a human Fc moiety) and a recognized 
animal model (murine SRBC response), the inventors have achieved a profound 
alteration of the mammalian immune response. Without intending to be bound by theory, 
10 the inventors interpret the observed results as indicating that the fusion protein acts as a 
KIM-1 antagonist, and that this antagonism interferes with a KIM-l-mediated signaling 
interaction between T cells and APCs. The downstream effects of this interference 
include useful modulation of the mammalian immune response. Such modulation can be 
used to treat autoimmune diseases and other diseases and disorders in which a 
15 mammalian immune system attacks an inappropriate target, either through T cell 

cytotoxicity or through an immunoglobulin response. Examples of diseases or disorders 
in which immune system modulation would be beneficial include, but are not limited to, 
arthritis, systemic lupus erythromatosis (also known as SLE or lupus), and graft-versus- 
host-disease (GVHD). 

20 In methods of the present invention, a soluble KIM-1 antagonist polypeptide or a 

KIM-1 blocking antibody (or antigen-binding antibody fragment) can be administered 
directly as a pre-formed polypeptide. Alternatively, it can be administered indirectly 
through a nucleic acid vector (encoding and expressing the polypeptide). Either way, the 
result is to antagonize KIM-l-mediated effects on T cells, including T cell activation and 

25 stimulation of T cell proliferation. This antagonism of KIM-1 located on T cells can 

achieve a desired therapeutic effect directly by blocking destructive actions of the T cells 
themselves. In addition, the antagonism can achieve the desired therapeutic effect 
indirectly, by blocking activated T cell-mediated activation of B cells, thereby reducing 
deleterious antibody production. 
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In various ^ejase3,-.iiicludiiig .^atQittttottne diseases on4 ceiiaintyp^s of 
.pathogehifc infections, damage ^Sults from autoantibody responses, i.e.,?ptodudtion of 
aTitibodiesi that reco'gnize self-antigens. The present invention provides irjetljods and: 
molecules for reducing such^amage by interfering with T cell activation arid 
5 differentiation. This, in:turn,untetferes with activated T cell-mediated B -cell activation, 
which:interfer^s yvith production apd secretion of specific imhiunoglol5ulins,.e:g., IgGl, 
byitheB cells; Accordingly, any disease: or disorder characterized by autoantibody 
♦responses can be treated by usirig methods and molecules of the invention. 

-When certain autoimmune diseases are being treated, exposure to .tfntigens/and- 
.10 the immune system responses, aTe transient. This results in remissions during whiph- 
-iadnunistr^tiott of aneffective amount of a KIM-1 antagonist would inhibit subsequent 
reactivation of the.i*njnune responses to one or more antigens. In this way the invention 
*C&n b6 used to'block disease relapse. When certain autoimmune diseases are being 
- : tteated, the* immune system of the mammal first recognizes the one px more antigens as 
15 part of an epitope spreading process in the course of an autoimmune disease. 

Much of the damage in graft- versus-host disease (GVHD) results directly from 
t actions of donor T cells that become activated in the host (in response to host antigens), 
once grafted, e.g., in a bone marrow transplant. By virtue of its ability to interfere with T 
Cell activation, .the present-invention is useful for inhibiting GVHP. In addition to- 
. 20 'damage from direct actions of activated donor T cells, there is also an antibody-mediated 
component in GVHD. Because this antibody-mediated component depends on .activation* 
of donor T cells, which activate? the autoantibody-producing B cells, the invention 
•reduces autoantibody-mediafed damage, as well as cellular immunity-mediated damage 
in GVHD. 

25 

Antibody-Mediated Autoimmune Diseases * 
^ Systematic lupus erythromatosis (SUE; lupus) is a T H -2 mediated autoimmune 

disorder characterised by high levels of autoantibodies directed against intracellular 

antigens such as double stranded DNA, single stranded DNA, and histones. In view of 
30 these characteristics, lupus exemplifies an autoimmune disease that can be treated 

according to the present invention. 
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Examples of other organ-specific or systemic autoii^ufle diseasessutoblefor 
tre^tnient-a^ording to. toe-invention include myasthenia gravis, autoimmune hemolytic 
ajlemia,-Chagas'.-disease,;Gmyes disease, idiopathic thrombocytopenia purpura (ITP), 
Wegener's Granulomatosis, poly-arteritis Nodosa and Rapidly Progressive Crescejitic 
5 Glomerulonephritis. $ee, e.g.,<:Berij#hini et al.,1996, Immunology, A Short Course, Third 
m. (Wiley-Liss, New Vork),In addition rheumatoid arthritis (RA), once thoughtito be 
moated by T cell cytotoxic activity, is now known4p have a B cell and/of antibody 
coiiipohent (Leandro et al., 200% Ann. Rheum, bis., 61:863-866; De Vita et at, Arthritis 
tHheum, 46:2029-2033; Tsuji et aj., 2002, /. 'Exp. Med 196: 1277-1290),.and thus is 
.10 'Suitable for ireatmeht according to the invention. 

The normal imrhuiie response to some pathogenic infectious agents elicits, deleterious, 
autoantibody responses. -One example is Chagas'. disease, an inflammatory cardiomyopathy ,tb,at 
develops in humans and experimental animals chronically infected with Trypanosoma cruti. 
Anti-self antibodies occur in the sera of Chagas' disease patients (Bach-Ehas et al., 1998, 
15 iParasitol. Res. 84:796-799; Tibbetts, et al., 1994, J. Immunol 152:1493-1499), and thus this 
.disease is suitable for treatment according to the invention. 

Another example of cell destruction by autoantibodies resulting from infection is 
-idiopathic thrombocytopenia purpura (TTP), in which autoantibodies cause platelet destruction 
<by complement or phagocytic cells with Fc or C3b receptor) and can lead to bleeding. ITP.is 
20 suitable for treatment according to the invention. 

Graft- Versus Host Disease (ftVHD) 

GVHD exemplifies a T cell-mediated condition that can be treated using methods of the 
invention. GVHD is initiated when donor T cells recognize host antigens as foreign. -GVHD, 

25 often a fatal consequence offcone marrow transplantation (BMT) in human patients, can be acute 
or chronic. Acute arid chronic forms of GVHD exemplify the development of antigen specific 
Thl and^Tltf responses, respectively. Acute GVHD occurs withih the first 2 months. following 
BMT, and is characterized by donor cytotoxic T cell-mediated damage to skin, gut, liver, and 
-other organs. Chronic GVHD appears later (over 100 days post-BMT) and is characterized by 

30 hyperproduction of immunoglobulin (Ig), including autoantibodies, and damage to the skin, * 
kidney, and other organs caused by Ig-depositjon. Nearly 90% of acute GVHD patients go on to 
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develop chronic GVHD. Chronic GVHD appears to be a Th2 T cell mediated disease (De Wit et 
aL. 1993, 7. Immunol 150:361-366). Acute GVHD is a Thl mediated disease (Kienger et al., 
1996, Immunol Res. 15:50-73; Williamson et al., 1996, J. Immunol 157:689-699). T cell 
cytotoxicity is a characteristic of acute GVHD. The consequence of donor anti-host cytotoxicity 
5 can be seen in various ways. First, host lymphocytes are rapidly destroyed, such that mice 
experiencing acute GVHD are profoundly immunosuppressed. Second, donor lymphocytes 
become engrafted and expand in the host spleen, and their cytotoxic activity can be directly 
measured in vitro by taking advantage of cell lines that express the host antigens that can be 
recognized (as foreign) by the donor cells. Third, the disease becomes lethal as additional tissues 
10 and cell populations are destroyed. 

Chronic GVHD results from antibody-mediated destruction of host tissues and cells and 
has been called "SLE-like" GVHD. Manifestations include autoantibody formation, 
Ig-deposition in various organs (kidney, liver), skin rash, lymphoid hyperplasia, Sjogren-like 
lesions, scleroderma-like lesions, polyarteritis, and other pathologies. This disease is partly 
mediated by autoantibody formation. In view of the foregoing, chronic GVHD is suitable for 
treatment according to the invention. 
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Other Th2-Related Disease 

Atopic disorders are characterized by the expression by immune system cells, 
20 including acivated T cells and APC, of cytokines, chemokines, and other molecules ' 
which are characteristic of Th2 responses, such as the IL-4, IL-5 and H^13 cytokines, 
among others. Such atopic disorders therefore will be amenable to treatment by methods 
that antagonize the development of the Th2 response, such as the KIM-1 antagonists of 
the invention. Atopic disorders include asthma, the airway hypersensitivity and distress 
syndromes, and pathologies such as atopic dermatitis. The invention provides a method 
of inhibiting atopic disorders. The method includes administering an effective amount of 
a KIM-1 antagonist. 
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Fusion Prot eins and Conjugated Polyp eptides 

Some embodiments of the invention involve a KIM-1 antagonist polypeptide 
wherein a KIM-1 moiety is fused to a heterologous moiety to form a KIM-1 fusion 
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protein. KjM-l^siOn^roteins,^ m^y alone, can be used to 

accomplish vatious objectives. Such objectives include, *or,eXample, increased serum 
malf-life, improved bioavailability, in vivotargeting to a specific organ ortissiieaype, 
^proved recombinant expression efficiency, improved. host-cell secretion, and^ase of 
5 purificatiOii. Depending on the objective(s) to be achieved, the. heterologous moiety can 
*be inert or biologically active. Alsb, it can be chosen to be stably fused to the KM- 1 
moiety or to'be cleayable, in vitro or in vivo. Heterologous moieties to accomplish 
different objectives are known in the art. 

Asah alternative jo expression of a KIM-1 fusion protein, a-chosen heterologous 
40 vmoiety can beprefprmed and chemically conjugated to the KIM-1 moiety. Inmostcases, 
a*h<*en heterologous hioiety will function similarly, whether fused or conjugated to the 
KlM-1 moiety. Therefore, in the following discussion of heterologous, amino acid 
sequences, Unless otherwise noted, it is to :be . understood that the heterologous sequence 

can bejoihedtothe RIM-1 moiety in the form of a fusion protein or as a chemical 
15 conjugate. v 1 

Pharmacologically active polypeptides such as a KIM-1 polypeptide often exhibit 
rapid in vivo clearance, necessitating large doses to achieve therapeutically effective 
concentrations in the body. In addition, polypeptides smaller than about 20 kDa 
potentially undergo glomerular filtration, which sometimes leads to nephrotoxicity. 
20 Fusion or conjugation of relatively small polypeptides such as KIM-1 fragments can be 
employed to reduce or avoid the risk of such nephrotoxicity. Various heterologous amino 
acid sequences, i.e., polypeptide moieties or "carriers," for increasing the in vivo stability, 
i.e., serum half-life, of therapeutic polypeptides are known. 

Due to its long half-life, wide in v/vo-distribution, and lack of enzymatic or 
25 immunological function, essentially full-length human serum albumip (HSA), or an HSA 
fragment, is a preferred heterologous moiety. Through application of methods and 
materials such as those taught in Yeh etal., 1992, Proc. Natl. Acad. Sci. USA, 89:1904- 
1908 and Syed et al., 1997, Blood 89:3243-3252, HSA can be used to form a KIM-1 
fusionprotein or conjugate that displays pharmacological activity by virtue of the KIM-1 
30 moiety while displaying Significantly increased, e.g., 10-fold to 100-fold higher, in vivo 
stability. Preferably, the N-terminus of the HSA is fused to the C-terminus of theJOM-1 
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moiety. "Since IfSAds a^atuiaUy secreted p^in, i the4iSA sijmal sequence can'pe 
exploited to obtain secretion of the KiM-j fi^on protein the cell culture medium, 
when mefusipn protein is produced; in a^aryotic,e.g.^arnmaliah, expression system. 

Some embodiments of the invention . employ a^KlM-l. polypeptide wherein a 
KIM-1 moiety is-fused to anFc-region, i.e., the C-terminal portion of airlg heavy chain 
constant region- 'Potential advantages of a KlM-1-Fc fusion include. solubility, jn vivo 
stability, and multivalertcy, e.g., dimerfzation. TheFc region used car, be an IgA, IgD, or 
agG.Fc.regioh(hirige-QI2-f:H3). Alternatively, it pan be an. IgEor lgM^cregion 
(hjnge-CH^-CH3-CH4). An igG Fc. region is preferred,^., anlgGl- Fc region of-I g G4 
»Fc region. Materials and methods for constructing and expressing DNA encoding Fc 
^sions ate known in the art and can be applied to obtain KIM-1 fusions without undue 
experimentation.^ 

Preferably, the KIM-I-Fe fusion is constructed with an orientation wherein the 
aOM-lrmoiety forms .the amino-terminal portion of the fusion protein. For an example of 
construction and expression of an Fc fusion with this orientation, see, e.g., Wallner et al., 
U.S. Patent No. 5,547,853 (pSAB152). Alternatively, the fusion can be constructed with 
*e opposite orientation, i.e., wherein the KIM-1 moiety forms the carboxy-termirial 
portion of the fusion. For examples and discussion of this orientation,see, e.g., Lo et al., 
U.S. Patent No. 5,541,087. 

Some embodiments of the invention employ a KIM-1 fusion protein obtained by 
constructing a KIM-1 immunofusin DNA in accordance with Lo et al., U.S. Patent 
■No. 5,541,087. An immunofusin DNA includes a polynucleotide encoding a secretion 
cassette. The secretion cassette includes sequences encoding (in the 5' to 3' direction) a 
signal sequence, an immunoglobulin Fc region, and a KBvI-1 moiety fused to the 3' end 
of the secretion cassette. DNA can be expressed at high levels in a host cell, and the 
fusion protein is efficiently produced and secreted from the host cell. The secreted 
immunofusin can be collected from the culture media without the need for lysis of the 
host cell. 

in some embodiments the DNA sequence encodes a proteolytic cleavage site 
between the KIM-1 moiety and the heterologous moiety. A cleavage site provides for the 
proteolytic cleavage of the encoded fusion protein, thus separating the Fc domain from 
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>the W tprotein. .Usefulpro t^olytic-clesvage sites,mciude amino atfds* fences 
recognized cytolytic enzymesshch as tryp S i n ,plasmin,or enferokinase'K. 

A-KIM-bpolypeptlde constrMct canbe incorporated into a micable expression 
vectpi-.Useful vectors i^d, linear n«cfeic acid* pjasmjds, phagemids, cosmids and the 
• like. An exemplary expression vector is pSAEf 152 (Walloer etaI..,:U.S. Patent 

No. 5,547,853. A*bther*xe* P Jary expression vector is pc?e, in which the transcription 

immUnofusih DNA.is placed under the control of the enhancer and promoter af4he 
ton cytomegalovirus (Lo et al., Wl&iochin, Biophys. Acta 1088:712; and Lo et al 
1998, Protein Engineering 1 1 : 4 95-500). An*ppropriate host cell can be. transformed Or ' 

and secretion of tfteKlM-1 polypeptide. Preferied host cens include immortal hybndoma 
.cells, myeloma c 9 lls, 293 cells, Chinese hamsteroyary (CHO) cells, Hela cells, and-COS 

Fully intact, wild type Fc regions display effector functions that normally, are 
unnecessary and uhdesired in an Fc fusion protein according to the present- invention 
Th W fore,-certain binding sites preferably are deleted from the Fc region during the 
construction of a KIM-l-Fc fusion protein. For example, since Compression with the • 
hght chain is unnecessary, the binding site for the heavy chain binding protein Bip 
(Hendershotetal., 1987,/^^ 8: 11 1-1 14), is deleted from the Fc region^ 

IgE, such that this site does not interfere with the efficient secretion of the fusion protein 
Ldcewrse, the cysteine. -residues present in the Fc regions which are responsible for 
'bindmg to the light chain of the immunoglobulin should be deleted or substituted with 
another amino acid, such that these cysteine residues do not interfere with the proper 
foldmg of the Fc region when it is produced as an immunofusin. Transmembrane domain 
sequences, such as those present in IgM, should be deleted. 

The IgGl Fc region is preferred. Alternatively, the Fc region of the other 
subclasses of immunoglobulin gamma (gamma-2, gamma-3 and gamma-4) can be used in 
the secretion cassette. The IgGl Fc region . of immunoglobulin gamma- 1 that is preferably 
used m the sepretion cassette includes the hinge region (at least part), the CH2 region 
and the CH3 region, fo some embodiments, the Fc region of immunoglobulin gamma-1 
1S a CH2-deleted-Fc, which includes part of the hinge region and the CH3 region, but not 



10 



15 



3 



I3 A184P 



^'Cm*egion. ACH2-dpleted-Fc.has been described -by Gillies :etal., l^Jium. 
AnHbodHybridornas, 1:47. embodiments, tbePc regions,, of ig A, 3gP, igB, or 

TgM, are used. 

■KIM-I-Fc fnsipn protein can be constructed in several different configurations. 
In one Configuration the C-teiminus-of the KIM- 1 moiety is fused directly to the 
N,tenninus of the Fc moiety. In a slightly different configuration, a short linker, -e.g., 1- 
10 amino acids, is incorporated into the fusion between the C-terminus of theiKlM,! 
moiety and theN-terminus ofthe Fc moiety. Such alinker ptoVides conformational 
flexibility, which may improve biological activity in some circumstances. If a sufficient 
portion ofthe hinge region is retained in the Fc moiety, me;KIM-l-Fc.fusion will- 
:d4meri*e, mus forming adivaleht molecule. A homogeneous population of monomeric 
- Fc fusions will yield monospecific, bivalent dimers. A mixture of two monomeric.Fc- 
fusions each having a different specificity will yield bispecifie, bivalent dimers. 

-KIM-lconjugates pan be constructed using methods known in the art. Any of a- 
number of cross-linkers that contain a corresponding amino reactive group and thiol 
reactive group can be used to link KIM-1 to serum albumin. Examples of suitable linkers 
• -include amine reactive cross.linkers that insert a thiol reactive-maleimide. These include 
e.g., SMCC, AMAS, BMPS, MBS, EMCS, SMPB, SMPH, KMUS, or GMBS. Other ' 
suitable linkers insert a thiol reactive-haloacetate group. These include, e.g.,'SBAP, SIA, 
SIABand thatprovide a protected or non protected thiol for reaction with sulfhydryl 
groups to^product a reducible linkage are SPDP, SMPT, SATA, or SATP all of which are 
commercially available (e.g.. Pierce Chemicals). One skilled in the art can similarly 
envision with alternative strategies that will link the N-tetmipus of KEvl-1 with serum 
albumin. 

One skilled in the art can generate conjugates to serum albumin that are not 
targeted at the N-terminus of a KIM-1 polypeptide or at the -thiol moiety on serum 
albumin. For example KIM-l-albumin fusions can be generated using genetic 
engineering techniques, wherein the KlM-1 moiety is fused to the serum albumin gene at 
its amino-terminus (N-ter), carboxy-terminus (C-ter), or at both ends. 

Other derivatives of KIM-1 polypeptides include qovalent or aggregate conjugates 
of modified KDvI-1 or its fragments with other proteins or polypeptides, such as by 
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^^i-ecomb^^ ^orex^ple .the 

conjugated peptide n*y be * signal («l*dtt) .polypeptide sequence at-tfte N-temunal 
re gl o„ of the protein which co-translationajly or post-transMtion^ly directs-tr^sfer of the 
.protein frotn its site of synthesis to its site of function inside or outside of ,the cell 
manbrane or wall (e.g., the yeast alpha-factor leader). KIM^l .polypeptides can be'fused 
to^terologou^pepUdes to facilitate purifications identification of the lOM-lmoiety 
(e.g., Wstidine^M-i fusions). The KIM-1 moiety also can be linked to the peptide 
^p-Tyr-Lys-Asp-A S p-Asp-Asp-ty S (15YKDDPE)K)(SEQ ipNO: )(tfopp e tal 1988 
Biotechnology 6: 12Q4). This sequence is highly antigenic and provides an epitope 
reverstbly bound by a specific monoclonal antibody. Consequenay.it facilitates assay 
md pnpfication of the expressed recombinant protein. This sequence is specifically- 
cleaVed-by bovine mucosal enterokinase at the residtie immediately following the 
Asp-Lys pairing. 

•Expression systems employing gen, fusion constructs have been used to enhance 
Reproduction of proteins in bacteria. Employing a bacterial protein that is normally 
exposed at a very high level as the amino-terminal fusion partner of a fusion protein 
helps to ensure efficient transcription and translation of the message, and in some cases 
the secretion and solubilization of the fusion protein (Smith et al., 1988 Gene 67:31; 
Hopp et al., supra; La Vallie et al., 1993. 'Biotechnology 1 1.187). 

Conjugated Polymers f«th er thart ^ nlyp^.^ 

Some embodiments of the invention involve a KIM-1 polypeptide wherein one or 
more polymers are conjugated (covalently linked) to the KIM-1 polypeptide. Samples 
of polymers suitable for such conjugation include polypeptides (discussed above), sugar 
polymers and polyalkylene glycol chains. Typically, but not necessarily, a polymer is 
conjugated to the.KJM-1 polypeptide for the purpose of improving one or more of the 
following: solubility, stability, or bioavailability. 

A preferred class of polymer for conjugation to a KIM-1 polypeptide is a 
polygene glycol. Polyethylene glycol (PEG) is a preferred polyalkylene glycol PEG 
moieties, e.g.. 1-6 PEG polymers, can be conjugated to each KIM-1 polypeptide to 
urease serum half Jife. as compared to the KIM-1 polypeptide alone. PEG moieties are 
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moh^antigehic and essehtidly biologically Mert. iPEGflioieties used in the practice .of the 
^inygn'tion may J be branched orunbraiiched. 

The number of PEG moieties attached to the-KlM- 1 polypeptide and the 
-molecular -Weight of the individual PEG chains can yary. .fo general,, the mgher the 
5 inolecttjar weight of the polymer, the fewer polymer chains attached to the polypeptide. 
^Preferably,4he average molecular weight of PEG isfrom 2 kDa to J 00 kDa. More 
preferably, the average molecular weight is from 5 kDa to 20 kDa, with 8-12 kDa being 
most preferred. 

The polymer, .e.g., PEG, can be linked to the^KIM-l .polypeptide through any 
-10 suable, exposed reactive group on the polypeptide. The exposed reactive group(s) can 
:be, for example, an N-teiminal amino group or the epsilon amino group, of an internal. 
Jysine residue, or both. Naturally-occurring lysine residues can be exploited for this 
purpose, or lysine residue(s)..can be engineered into the KBvl-1 amino acid sequence. An 
activated polymer can react and covalendy link at any free amino group on the KIM-1 
15 polypeptide. Free carboxylic groups, suitably activated carbonyl groups, hydroxyl, . 
.guanidyl, imidazole, oxidized carbohydrate moieties and mercapto groups of the KIM-1 
(if available) also can be used as reactive groups for polymer attachment. 

Preferably, in a conjugation reaction, from about 1.0 to about 10 moles of 
activated.polymer per mole of polypeptide, depending on polypeptide concentration, is 
20 employed. Usually, the ratio chosen represents a balance between maximizing the 

•reaction While minimizing side reactions (often non-specific) that can impair the desired 
pharmacological activity of theKIM-1 moiety. Preferably, at least 50% of the biological 
activity of the KIM-1 polypeptide is retained, and most preferably nearly 100% is 
retained. 

25 The polymer can be conjugated to the KIM-1 polypeptide using conventional 

chemistry. For example, a polyalkylene glycol moiety can be coupled to a lysine epsilon 
amino group of the KIM-1 polypeptide. Linkage to the lysine side chain can be 
performed with an N-hydroxylsuccinimide (NHS) active ester such as PEG succinimidyl 
succinate (SS-PEG) and succinimidyl propionate (SPA-PEG). Suitable polyalkylene 

30 glycol moieties include, e.g. t carboxymethyl-NHS, norleucine-NHS, SC-PEG, tresylate, 
aldehyde, epoxide, carbonylimidazole, and PNP carbonate. These reagents are 
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commercigUy available. Additional amine reactive PEG linkers onto substituted** toe 
succimniidyl moiety. These-include, ; e.g.,4sothiQcyanates, nifrophenyiearbonates, 
epoxides, and benzotriazole carbonates. Conditions preferably are chosen to maximize 
4he -selectivity and extent or reaction. Such optimization of reaction conditions is within 
5 ordinary skill-in the ait. 

PEGylation can be carried out by any of the PEGylation reactions known in the 
art. See, e.g., Focus Q n Growth Factors,. 3:4-10, 1992; published European patent 
applications : EP"0 154 316 and'EP 0 401 384. PEGylation may:be carried out using an 
acylation ruction or an alkylation reaction with a reactive polyethylene glycol molecule 
10 (or an analogous reactive water-soluble polymer). 

PEGylation by acylation generally involves reacting an active ester derivative of 
polyethylene glycol. Any reactive PEG molecule can be employed in the PEGylation. A 
preferred activated PEG ester is PEG esterified to N-hydroxysuccinimide <NtfS). As 
usedherein, "acylation" includes the following types of linkages between the therapeutic 
protein and a water soluble polymer such as PEG: amide, carbamate, urethane, and the 
like. See„e.g., Unconjugate Chem. 5:133-140, 1994,Reaction parameters should be 
chosed to avoid temperature, solvent, and pH conditions that would damage or inactivate 
the-KJM-1 polypeptide. 

Preferably, the connecting linkage is an amide. Preferably, the at least 95% of the 
20 resulting product is mono, di- or tri-PEGylated. However, some species with higher 
degrees of PEGylation maybe formed in amounts depending on the specific reaction 
conditions used. Optionally, purified PEGylated species are separated from the mixture, 
particularly «nreacted species, by conventional purification methods, including, e.g., 
dialysis, salting-out, ultrafiltration, ion-exchange chromatography, gel filtration 
25 chromatography, and electrophoresis. 

PEGylation by alkylation generally involves reacting a terminal aldehyde 
derivative of PEG with KIM-1 in the presence of a reducing agent, m addition, one can 
manipulate the reaction conditions to favor PEGylation substantially only at the a-amino 
group of the N-terminus of KIM-1 (i.e., a mono-PEGylated protein). In either case of 
mono-PEGylation or poly-PEGylation, the PEG groups are preferably attached to the 
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protein yi 3 a -C« 2 .ftJH-^ With particular referenced ^-fgrbitp. this^ of 
-hhkage*is known as an "alkyl" linkage. 

Privatization via reductive alkylation,to produce aanopo-PEGylated product 
exploits mfferential.,eactivity .of difTerent types of primary amino groups (lysine versus 
*he N-termi«al) available for derivatization. The reaction is performed at a pittnat- 
allowsohe to take advantage of thepfca differences between the e-amiho groups of the 
lysine residues and^thaf of the a-amino group of the N- tpr mihal residue of the protein. 
»y such selective derealization, attachment of a water soluble polymer that contains a 
reactive group such as an aldehyde, to a protein is controlled:*!* conjugation, with- the 
polymer takes place predominantly at the N-terminUs of the protein and. no. signifieant 
modification of other reactive groups, such as the lysine side chain amino groups, occurs. 
The polymer molecules Used in both the acylation and alkylation approaches may be 
selected from among water soluble polymers as described above. The" polymer selected 
should be modified to have a single reactive group, such as an active ester for acylation 
or an aldehyde for alkylation, preferably, so that the degree of polymerization may be 
controlled as provided for in the present methods. An exemplary reactive PEG aldehyde 
is polyethylene glycol propionaldehyde, which is water stable, or mono C,-C 10 alkoxy or 
aryloxy derivatives thereof (see, U.S. Patent No. 5,252,714). The polymer may be 
branched or unbranched. For the acylation reactions, the polymery selected shouldhave 
a single reactive ester group. For reductive alkylation, the polymer(s) selected should 
have a single reactive aldehyde group. Generally, the water soluble polymer will not be 
selected from naturaUy-occurring glycosyl residues since these are usually made more 
conveniently by mammaUan recombinant expression systems. 

Methods for preparing a PEGylated KIM-1 generally includes the steps of 
(a) reacting a KIM-1 protein or polypeptide with polyethylene glycol (such as a reactive 
ester or aldehyde derivative of PEG) under conditions whereby the molecule becomes 
attached to one or more PEG groups, and (b) obtaining the reaction produces). In 
general, the optimal reaction conditions for the acylation reactions will be determined 
case by case based on known parameters and the desired result. For example, the larger 
the ratio of PEGprotein, the greater the percentage of poly-PEGylated product. 
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Reductive oUcylatiortto^QdMce a substafitially.homogepeotis pdpulatiohof 
-nxono- polymer/^l generally indUdes^e steps of: (Reacting *KIM-1 polypeptide 
mth a reactive PEGmoleculeunder reductive alkylation conditions, at ajH suitable. to 
.pen-nitseWve^odificatioft of the a-amino group at the amnio terfnjnus ot>KlM-l;and 
Cb) ob"taining;the reaction product(s). 

porasufestahUaUy homogeneous .population ofmono-polymer/KIM-1 
polypeptide, the reductive alkylation reaction conditions are those that permit the 
selective attachment of the water soluble polymer moiety to the N-terminus of KIM- 1 
Such reaction conditions generally provide for pKa differences between the lysine amino 
grouped the a-amino group .at the N-terminus (the pKa being4he p« at which 50% of 
the amino groups are.protonated.and50% are not). TbepH also affects the ratio of 
■polymer to protein to be used. In general, if the pH: is lower, alarger excess of polymer 
protein will be desired (i.e., the less reactive the N-terminal a-amino group, the more 
polymer needed to achieve optimal conditions). If the P « is higher, the polymenproteih 
ratio need not be as large. (Because more reactive groups are available, fewer polymer 
molecules are needed). For purposes of the present invention, the preferred P H is in the 
range of 3-9, preferably 3-6. 

KIM^l polypeptides can include a tag, e.g., a moiety that can be subsequently 
released by proteolysis. Thus. the lysine moiety can be selectively modified by first 
reacting a His-tag modified with a low molecular weight linker such as Traut's reagent 
(Pierce) which will react with botlHhe lysine and N-terminus, and then releasing the his 
tag. The polypeptide will then Contain a free SH group that can be selectively modified 
-with a PEG containing a thiol reactive head group such as a maleimide group, a 
vinylsulfone group, a haloacetate group, or a free or protected SH 

Traut's reagent can be replaced with any linker that will set up a specific site for 
PEG attachment. By way of example, Traut's reagent could be replaced with SPDP 
SMPT, SATA, or SATP (all available from Pierce). Similarly one could react the protein 
with an amine reactive linker that inserts a maleimide (for example SMCC, AMAS 
BMPS, MBS, EMCS, SMPB, SMPH, KMUS, or GMBS), a haloacetate group (SBAP, 
SIA, SIAB), or a vinylsulfone group and react the resulting product with a PEG that' 
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contains afr£e SH. The only limitation. to the size of the>Jihker that is employed is that it 
cannot 'block the subsequent .removal of .toe N-tenjiin.al tag. 

fa some .embodiments, the polyalkylene glycol moiety is coupled to a cysteine 
.group of the K1M-1 polypeptide. Coupling cambe effected using, e.g., a*nalejmide 
5 group, a vinylsulfpne group, a haloacetate group, and a thiol group. 

'Optionally, the KIM- 1. polypeptide is conjugated to the polyethylene glycol 
moiety-through a labile bond. The labile bond can be cleaved in, e.g., biochemical 
hydrolysis, proteolysis, or sulfhydryl .cleavage. For example, the bond can be cleaved 
under in vivo (physiological) conditions. 
10 The reactions may take place by any suitable method used for reacting 

biologically active materials with inert polymers, preferably at about pH 5-8; e.g.,-pH 5, 
US, 7, or 8, if the reactive groups are on the alpha amino group at the N-terminUs. 
'Generally ^process involves preparing an activated polymer and thereafter reacting the 
/protein with the activated polymer to produce the soluble protein suitable to? formulation. 
1 5 One or more sites on a KIM- 1 polypeptide can be coupled to a polymer. For 

example, one two, three, four, or five P£G moieties can be attached to the polypeptide. 
In some embodiments, a PEG moiety is attached at the amino terminus. 

Anti-KIM-1 Antihrtriies 

20 An anti-KIM-1 antibody or antigen-binding fragment thereof used according to 

*he.invention can be any of various types of molecules, including, but not limited to, a 
polyclonal antibody, monoclonal antibody (mAb), humanized antibody, fully human 
antibody, chimeric, antibody, single-chain antibody, diabody, Fab fragment, Fab' 
fragment, F(ab') 2 ,Fv fragment, Fd fragment, dAb fragment, and complementarity 

25 determining region (CDR)-containing fragment. 

As used herein: Fd means a fragment that consists of the V H and C m domains; Fv 
means a fragment that consists of the V L and V H domains of a single arm of an antibody; 
and dAb means a fragment that consists of a V H domain (Ward et al., 1989, Nature 
341:544-546). As used herein, single-chain antibody (scFv) means an antibody in which 

30 a V L region and a V H region are paired to form a monovalent molecules via a synthetic 
linker that enables them to be made as a single protein chain (Bird et al., 1988, Science 
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-242:423-426; Huston et al., 19.88, Proc Natl. Acad. Sci. USA 85:5879-5883). As used 
herein, diapody means abispecific antibody in which V H and V L .domaitts are expressed 
on a single polypeptide chain, -bussing a4iriker that is too sborMo allow for pairing 
.between the two domains omthe same chain, thereby, forcing. the domains to pair with 
complementary domains of another chain and creating two antigen binding sites (see e:g., 
;Hpliiger, et al., 1993, Proc. Natl. Acad. Sci. USA 90:6444-6448; and Ppljak et al., 1994, 
Structure 2:1121-1123. 

Generally applicable methods for obtaining antibodies are known in the art. rFor a 
.review of methods and materials Useful for making anti-KIM-1 antibodies, see e.g., 
Majlow et al., 1988, Antibodies, A Laboratory Manual; Yelton, et al... 1981, 4m. Rev. 
Siochem., 50:657-80.; and Ausubel et al., 1989, Current Protocols in Molecular Biology. 
(New York: John Wiley & Sons). Antigen-binding properties of anti-KIM-1 antibodies 
eari be determined by one^of ordinary skill in the art, using any of various conventional- 
-methods, including, e.g., radioimmunoassay, immunoblot assay arid BUS A- Other 
suitable. techniques for producing an antibody of the invention involve d vitro exposure 
of lymphocytes to a KJM-1 polypeptide, or screening of libraries of antibodies in phage 
or similar vectors. See, e.g., Huse et al., 1989. Science, 246:1275-1281. 

Vector's 

The invention provides vectors comprising the nucleic acids encoding KIM-1 
polypeptides. The choice of vector and expression control sequences to which the 
-nucleic acids of this invention is operably linked depends on the functional properties 
.desired, e.g., protein expression, and the host cell to be transformed A vector of the 
present invention may be at least capable of directing the replication or insertion into the 
25 host chromosome, and preferably also expression, of the structural gene included in the 
rDNA molecule. 

Expression control elements useful for regulating the expression of an operably 
linked coding sequence are known in the art. Examples include, but are not limited to, 
inducible promoters, constitutive promoters, secretion signals, and other regulatory 
elements. When an inducible promoter is used, it can be controlled, e.g., by a change in 
nutrient status, or a change in temperature, in the host cell medium. 
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•The vector can .include a . prok^ryoticTeplicbn, i.e., aDNA sequence-having the 
abilityjo^irect autonomous replication ^d^aintenanceof the^moimiltDNA 
•m6lecdle«xtra-chl-omo S omaUy in a prokaryotic host cell, suebas a bacterial host cell, 
=tran S foiin.ed.there W ith. Such replies are well.known.in the art. in addition, vectors tb^t 
5 Mdude.a prokaryotic replicon may also include a gene whose expression confers a 
4etect»ble:marker such as a drug resistance. Typical -of bacterial drug- resistance genes 
are .those *bat confer resistance-to ampicillin or tetracycline. 

'Vectors that include a prokaryotic replicon can further includes prokaryotic or 
bacteriophage promoter for directing expression of the coding gene sequences in a 

10 bacterial host cell. Promoter sequences compatible with bacterial hosts are typically 

.provided in plasmid vectors containing convenient restriction sites for insertion of a DNA 
Segment of the present invention. Examples of such vector plasmids are pUC8, pUC9 ' 
- P BR322\andpBR329 (Biol^d Laboratories), pPL and pKK223 (Pharmacia). Any 
suitable prokaryotic host can be used to express a recombinant DNA molecu|e encoding a 

15 iprotpin of the invention. 

Eukaryoticcell expression vectors are known in the art and are commercially 
available. Typically, such vectors contain convenient restriction sites for insertion of the 
desired DNA segment. Exemplary vectors include pSVL and pKSV-10 (Pharmacia), 
tpBPV-1 , pML2d (International Biotechnologies), pTDTl (ATCC 31255). 
20 Eukaryotic cell expression vectors may include a selectable marker, e.g., a drug 

•resistance gene. A preferred drug resistance gene confers neomycin resistance, i.e., the 
neomycin phosphotransferase (neo) gene (Southern et al., 1982, J. Mai. Anal. Genet 
1:327-341). 

To express the antibodies or antibody fragments, DNAs encoding partial or 
25 full-length light and heavy chains are inserted into expression vectors. Expression 

vectors include plasmids, retroviruses, cosmids, YACs, EB V derived episomes, and the 
like. The expression vector and expression control sequences are chosen-to bp 
compatible with the expression host cell used. The antibody light chain gene and the 
antibody heavy chain gene can be inserted into separate vectors. In some embodiments, 
30 both genes are inserted into the same expression vector. 



5 



.10 



15 



20 



25 



30 



• 22 A1.84P 

A convenient vector is ^that enco^ aftncUonally complete Hainan C H orC L 
^mrpunoglpbulin sequence, ^^ly,^^^^^^^ ^ ■ 
sequence easily insertea ^ exptfessed) ^ d ^ ^ ^ ^ 

sphcmg usually occurs between the splice donor site in the inserted J region and the 
splice acceptor site .preceding .the human Cregion,.and also atthe sphce ,egions that 
Within the hutnan C„ exons. Polyadenylation and transcription ^nation occur at 
nanve chromosomal sites downstrearp of the coding regions. The recombinant 
expression vector can alsO-encode a signal peptide that facilitates secretion of the 
^antibody chain from a host cell. 

Preferred regulatory sequences for mammalian host cell expression include viral 
-elements that direct high levels of protein expression inmammalian cells, sue* as 
.promoters^ enhancers derived from retroviral LTRs, cytomegalovirus (GMV) (such as 
rthe-CMV promoter/enhancer), Simian Virus 40 (SV40) (such as the SV40 ' 
promoter/enhancer), adenovirus, (e.g., the adenovirus major late promoter (AdMLP)) 
polyoma and strong mammalian promoters such as native immunoglobulin and actin ' 
promoters. For further description of viral regulatory elements, and sequences thereof 
see e.g., U.S. Patent No. 5,168,062 by Stinski, U.S. Patent No. 4,510,245 by Bell et al ' 
and U.S. Patent No. 4,968,615 by Schaffher et al. 

The recombinant expression vectors may carry sequences that regulate replication 
of the vector in host cells, (e.g., origins of replication) and selectable marker genes The 
selectable marker gene facilitates selection of host cells into which the vector has been 
introduced (see e.g., U.S. Patent Nos. 4,399,216, 4,634,665 and 5,179,017, all, by Axel et 
al.). For example, typically the selectable marker gene confers resistance to drugs, such 
as G418, hygromycin or methotrexate, on a host cell into which the vector has been 
mtroduced. Preferred selectable marker genes include the dihydrofolate reductase 
(DHFR) gene (for use in dhfr host cells with methotrexate selection/amplification) and 
the neo gene (for G418 selection). 

Nucleic acid molecules encoding KIM-1 polypeptides and anti-KIM-1 antibodies 
and vectors comprising these nucleic acid molecules, can be used for transformation of a' 
suitable host cell. Methods for introduction of exogenous DNA into mammalian cells are 
well known in the art and include dextran-mediated transfection, calcium phosphate 
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precipitation, flolyb^tie-m^ai^ 

.encapsulation of the f>0ly*ucleotide(s).in liposomes, and direct microinjection of -the 
©NA.into,nuclei. :In.addition, nucleic acid. molecules may be introduced into;mammalian 
cellsby vital vectors. 

Transformation of hpst cells can be accomplished by conventional methods suited 
4o the vector and host cell employed. With regard to transformation of prokaryotic host 
iCeUs, ejechtfporation and salt treatment methods can be employed (Cohen et al.,-1972, 
Proc. Natl Acad. Sci. USA 69:2110^2114). With regard to transformation of vertebraie 
cells, electroporation, cationic lipid or salt treatment methods can be employed. See, e.g., 
Graham et .al., 1973, Vifology 52:456-467; Wigler et al., 1979, Proc. Natl, Acad. Set 
VSA 76:1373-1376). 

HostceUscan beprokaryotidoreukaryotic. Preferred eukaryotic host cells 
include, but are not limited to, yeast and mammalian cells. Examples of useful- 
eukaryotic host cells include Chinese hamster ovary (CHO) cells (ATCC Accession 
No. CCL61), NIH Swiss mouse embryo cells NIH-3T3 (ATCC Accession 
No. CRL1658), and baby hamster kidney cells (BHK). Mammalian cell lines available as 
•hosts for expression are known in the art and include many immortalized cell- lines 
available from the American Type Culture Collection (ATCC). These include, inter alia, 
Chinese hamster ovary (CHO) cells, NSO, SP2 cells, HeLa cells, baby hamster kidney 
(BHK) cells, monkey kidney cells (COS), human hepatocellular carcinoma cells (e.g., 
Hep G2), A549 cells, and a number of other cell lines. 

Expression of polypeptides from production ceU lines can be enhanced using 
known techniques. For example, the glutamine synthetase (GS) system is commonly 
used for enhancing expression under certain conditions. See, e.g., European Patent 
Nos. 0216846, 0256055, and 0323997 and European Patent Application No. 89303964.4. 

Formulations 

Compositions containing K1M-1 polypeptides, anti-KIM-1 antibodies, or antigen 
binding fragments of anti-KIM-1 antibodies may contain suitable pharmaceutical^ 
acceptable carriers. For example, they may contain excipients and/or auxiliaries that 
facilitate processing of the active compounds into preparations designed for delivery to 
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4o«toor **ion. S^tabl^dnftUlatiOjis^r^tefal admitiistr^on iftclu.de ^ueous 
solutions of fte-active wnipounds in water-soluble=form, for example, water-soluble " 
-salts, inaddition, suspensions-of % active compounds ;as appropriate oily-injection 
•suspensions*pay:be administered. Suitable lipophilic solvents orvehiel0s include fatty , 
oils, for,exahiple, sesame oil,** synthetic fatty acid esters, for example, ethyl oleate or 
triglycerides. Aqueous injection suspensions may contain substances that increased 
viscosity of the suspension include, for example, sodium =carboxymethyl.ceUulose, 
-sorbitol anddextran. Optionally, the suspension may also contain stabilizers. Liposomes 
also ca*be used .to encapsulate the molecules of the invention for delivery into cells or 
•interstitial spaces. Exemplary pharmaceutically acceptable carriers are physiologically 
.compatible solvents, dispersion media, coatings, antibacterial and antifungal agents, 
isotonic and absorption delaying agents, water, salifte, phosphate buffered saline, 
■dextrose, glycerol, ethahol .and the like. In some embodiments, the composition ' 
comprises isotonic agents, for example, sugars, polyalcohols such as mannitol, sorbitol, 
15 or sodium chloride, m some embodiments, the compositions comprise pharmaceutically 
acceptable substances such as wetting or minor amounts of auxiliary substances such as 
Wetting or emulsifying agents, preservatives or buffers, which enhance the shelf life or 
effectiveness of the active ingredients. 

' -Compositions of the invention may be in a variety of forms, including, for 
example, liquid, semi-solid and solid dosage forms, such as liquid solutions (e.g., 
injectable and infusible solutions), dispersions or suspensions. The preferred form 
depends on the intended mode of administration and therapeutic application. In some 
embodiments, compositions are in the form of injectable or infusible solutions, such as 
compositions similar to those used for passive immunization of humans. 

The.composition.can be formulated as a solution, micro emulsion, dispersion, 
liposome, or other ordered structure suitable to high drug concentration. Sterile 
injectable solutions can be prepared by incorporating the active ingredient in the required 
amount in an appropriate solvent with one or a combination of ingredients enumerated 
above, as required, followed by filtered sterilization. Generally, dispersions are prepared 
30 by incorporating the active ingredient into a sterile vehicle that contains a basic 

dispersion medium and the required other ingredients from those enumerated above. In 
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*he caseofsterilepowders for the Ration of steiile injectaMe solutid rtS ,the ptefeireji. 
Methods ofjreparatfonare vacuum 

aQUve^hgredient plus.ahy additiorta] desired. ingredient from a previously sterile-filtered 
solution thereof, the proper fluidity of a solutions be maintained, forexample, by the 
5 use of a coating such as lecithin, by the maintenance of the required particle si*e inthe- 
Pase of dispersion and by the use of surfactants. Prolonged absorption of injectable 
comi)ositions can be brought about by including in the composition an .agent that delays 
absorption, -for example, monostearate salts and gelatin. 

In some embodiments, the active ingredient is formulated with a controlled^ 
.10 *reJease.formulation or device. Examples of such formulations and devices include 

implants, transdermal patches, and microencapsulated:delivery systems. Biodegradable, 
biocompatible polymers can be used, for example, ethylene vinyl acetate, 
polyanfaydrides, polyglycolid acid, Collagen, polyorthoesters, andpoiylactic acid. 
Methods for the preparation of such formulations arid devices are known in the apt. See 
15 e.g., Sustained and Controlled Release Drug Delivery Systems, 1978, J. R. Robinson, ed., 
Marcel Dekker, Inc., New York. 

Supplementary active compounds also can be incorporated into the compositions 
% some embodiments, a KIM-1 polypeptide, anti-KTM-1 antibody or fragment thereof is 
coadministered with a second immunomodulatory agent, e.g., B AFF-R-Ig, -LTBrR-Ig, 
20- CTIA4-Ig,anti-CD40L, or an anti-CD20 monoclonal antibody. 

Dosage regimens may be adjusted to provide the optimum desired response. .For 
.example, a single bolus may be administered, several divided doses may be administered 
over time or the dose may be proportionally reduced or increased as indicated by the 
exigencies of the therapeutic situation. It is advantageous to formulate parenteral 
compositions in dosage unit form for ease of administration and uniformity of dosage 
unit form as used herein refers to physically discrete units suited as unitary dosages for 
the mammalian subjects to be treated, each unit containing a predetermined quantity of 
active compound calculated to produce the desired therapeutic effect in association with 
the required pharmaceutical carrier. 

In some embodiments, a therapeutically effective dose for a-KTM-1 polypeptide is 
in the range of 0.1 to 100 mg/kg. In some embodiments the therapeutically effective dose 
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is hy-the range of 0.5 to 50*mg/kg. In sortie embodiments,- Jhetlierapeqtipally effective 
dose isin thet^nge of 1.0 to lOmg/fcg, e.g., sjbout 5 mg/kg. Determination ©fa 
therapeutically effective dose can also be assessed- byperfonning m vitro experiments 
that measure the concentration of the modifying agent required to coat target cells 
(KIM-1 or- KJM-1 -Receptor-positive cells depending on the modifying agent) for suitable 
-{therapeutic) time periods. PACS and ELISA receptor-ligahd binding assays can be Used 
^monitor the cell coating reaction. Based op the results of such in vitro binding assays, 
a range of suitable modifying agent concentrations can be selected. 

.'Molecules of the invention can be formulated into pharmaceutical compositions 
5by admixture with pharmaceutical^ acceptable nontoxic excipients or carriers. Such 
-compositions can be prepared for use in parenteral administration, particularly in the 
form Of liquid solutions or suspensions. The;composition can be administered in Unit 
dosage form and can be prepared by any suitable method. Such methods are known irt 
the art. For example, see Remington's Pharmaceutical Sciences (Macjc Pub. Co., Eastori, 
PA 1980). 

Liquid dosage forms include pharmaceutically acceptable solutions, emulsions, 
microemulsions, and suspensions. In addition to the active compound, the liquid dosage 
form may contain inert ingredients including water, ethyl alcohol, ethyl carbonate, ethyl 
acetate, -benzyl alcohol, benzyl benzoate, propylene glycol, 1,3-butylene glycol, 
dimethylformamide, oils* glycerol, tetrahydrofurfuryl alcohol, polyethylene glycols, fatty 
acid esters of sorbitan, and mixtures thereof. 

Injectable depot formulations can be made by forming microencapsulated 
matrices of the drug in biodegradable polymers such as polylactide-polyglycolide. 
Depending on the ratio of drug to polymer,, and the nature of the polymer employed, the 
rate of drug release can be controlled. Other exemplary biodegradable polymers include 
polyorthoesters and polyanhydrides. Depot injectable formulations also can be prepared 
by entrapping the drug in liposomes or microemulsions that are compatible with body 



tissues. 
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cExaijipfes 

The invention is .further illustrated -by *he following experimental examples. The 
examples.are provided for illustrative purposes only, and are not to^cohstfuedas 
•limiting the scope or , content of the invention in any way. 

Ifexample 1: gwftart KIM-l Extracellular Dohiain-Fr Construct fhttfUK) 

The extracellular domain (residues 1-290) of human;KIM-l was fused to the fc 
portioriof human IgGl (hinge, Ctt2, CH3) and cloned into pEAG347, a Biogen 
mammalian expression plasmid. The plasmid contained a tandem promotor for 
constitutive expression and the dihydrofolate reductase gene for methotrexate selection of 
stabtyexpressing cell lines. The amino acid sequence of the encoded fusion polypeptide 
<was.as:follows: 



1 10 20 30 40 50 60 

mPQWILSLILHL&DSVAO SVI^GGE&GPSVTLPC^ 

70 80 90 100- 110 120 

IVWTNGTttVTYRKDTRYKLLGDLSRRDVSLT^ 

130 140 150 160 170 180 

SLE I VPPKVTTTP I VTTVPTVTTVRTSTTVPTTTTVPTTTVPTTMS I PTTTTVPTTMTVS 

190 200 210 220 230 240 

TTTSVPTTTSIPTTTSVPVTTTVSTPVPPMPLPRQNHEPVATSPSSPQPAETHPTTLQGA 

250 260 270 280 290 300 

IRREPTSSPLYSYTTDGNDTVTESSDGLWMNNQTQLFIjEHSIiLTANTTKGVDKTHT^P^^ 

310 320 330 340 350 360 

papeli^pswlfppkpkotlmisrtpevtcvw^ 

370 380 390 400 410 420 

KPREEQYNSTYRWSVLTVLHQDWLNGKEYKCKVSNKALPAPI ekti skakgqprepqvy 



440 450 460 470 
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TLPPSRPgLTKNGVSLTCt^^ 

490 500 510 518 

LTVDKSRWQQGNVFSCSVMSEALHNHYTQKSLSLSPGK 

The signal sequence is indicated by an underline. The Fc hirtge is indicated by a box. 

Examine 2: Human KiMK ^^.Fc foiniofft 

DNA encoding residues 1-129 of human KIM-1 fused to the Fc portion of human 
10 IgGl (hinge,CH2, CH3) was cloned into pEAG347, a Biogen mammalian expression 
plasmid containing a tandem promoter for.constitutive expression and the dihydrofolate 
reductase .gelie for methotrexate selection of stably expressing cell lines. .The amino acid 
sequence of- the encoded fusion polypeptide was as follows: 

15 10 20 30 40 50 • 60 

^PPWILSLTT.HT.AnsVAG SVKVGGEAGPSVTLPCHYSGAVTSMCWMRGSCSLFTCONG 
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70 80 ' 90 ioo HO 120 

IVWT^IGTHVTYRKDTRYKIiLGDLSRRDVSLT I ENTAVSDSGVYCCRVEHRGWFNIJMK itv 

130 140 150 160 170 180 

SLElVPPKVVDKTH^fpiPAPELI^GPSWLFPPKPKDTI^ISRTPEVTCVVVDVSra 

190 200 210 220 230 240 

PEVKFNWYVDGVEVIOIAKTKPREEQYNSTYRVVSVL 

250 260 . 270 280 290 300 

PIEKTISKAKGQPREPQVYTLPPSRDELTKNQVSIiTCLVKGFYPSDIAVEWESNGQPENN 

30 310 320 330 340 350 

YKTTPPVLDSDGSFFIiYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK 
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^Example .1- Human id^l^'fatti* <o\n(<ito) 

The e xtrapellular domain (residues I-290)of huttian>KIM-l was fqsedto asboTt 
C-terxnirial peptide [ VEHltHHHH] including a repeat of-6 histidine residues .and cloned 
into pCA125, a BIOGEN mammalian expression plasmid containing aCMV promoter 
*For transient,constitutiye expression/in mammalian cells. The amino acid sequence ofthe 
encoded fusion polypeptide was as follows: 

10 20 30 40 50 60 

MHPp wir.ST.TT.HT.AnSV^SVKVGGEAGPSVTLPCHYSGAVTSMC^qRGSCSLFTCONG 

„ 70 80 90 100 , HO 120 

I VWTNGTHVT YRKDTRYKLLGDL SRRDVS LT I ENTAVSDSG VYCCRVEltRGWFNDMK X TV 

130 • 140 150 160 170 180 

SLEIVPPKVTTTPXVTTVPTVTTVRTSTTVPTTTTVPTTTVPTTWSIPTTTWPTTMTVS 

190 200 2 10 220 230 240 

TTTSVPTTTSIPTTOSVPVTTWSTFVPPMPLPRQNHEPVATSPSSPQPAOTHPTTLQGA 

20 250 2< S0 270 280 290 

IRREPTSSPLYSYTTDGITOTVTESSDGLV^QTQLFLEHSLLTANTTKGVEHHHHHH ' 



*o 
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Example 4; Murine KTMLLFc Fusion 

A PCR-amplified ectodomain of murine kim-1 flanked by Not! and Sail sites was 
fused with human IgGlFc (isolated from EAG409 as a Sall-NotI fragment) and cloned 
into Ebna 293 cell expression vector CH269 (construct PEM073-6) and CHO cell 
expression vector P V90 (construct PEM078-1). The Sail site is at the junction between 
kiml and Fc. The resulting nucleotide sequence ofthe ORF for the fusion protein was as 
30 follows (Sail site in upper case): 



atgaatcagattcaagtcttcatttcaggcctcatactgcttctcccaggcactgtggattcttatgtggaagtaaa^^^ 

ggtagtgggtcaccctgtcacacttccatgtacttactcaacatatcgtggaatcacaacgacatgttggg 
aatgcccatcttctgcttgte^ 
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<aae tt aaaggggc*a^^ 

cca^atcaatcagagtctctacctccactcetccaac^^ 
:ttgtecccatg.agacaacagctgaggtgacaggaatc.^^ 

aaptcacacatgqccaccgtgcccagcacctgaactGctggggggaccgt^^ 

iccctgaggtcaagttca 



aP ^ p°--°o-^'&6"a6^-»^5v^a«gauaaagccgcgggaggagcagtacaacagcacgtacc 
^agcgtcctcaccgtcctgcaccaggactggctgaatggcaaggagtacaagtgcaaggtctccaa^ 
agcccccatcgagaaaaccatctcpaaagccaaaglgcag^ccgagaa 
atga^tgaccaagaaccaggtcagcctgacctgcctggtcaaaggcttcte^^^ 



tccttettcctctacagcaa 
rgcjcaccgtggacaagagcaggtggcagcaggggaa^^ 

acacgcagaagagcctctccctgtctcccgggaaatga 

The translated sequence of mukim-1 ectodomain-human Fc was as follows. Two 
junction amino acids contributed by the Sail site are indicated in bold: 

MNQ!QVHSQLILlJJ>GTVDSYVEV.KGVVGHPVTLPCTYSTYRGITtTCWGRGQC 

PSSACQNTLIWTNGHRVTYQkSSRYNLKGWSEGDVSLTIENSVESDSGLycCRV 
EHHaWFlTOQKVTFSLQVKPEn 

STPPTSTHTWTHKPEPTTFCPHETTAEVTGIPSHTPTDWNG^ 

AIPPGKPQKNPTKGVDKTHTCPPCPAPELLGGPSVFLFPPKPKDTIJv^ 

^VVVDVSIIEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDW 

O^GKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCL 

VKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNV 
FSCS VMHE ALHNH YTQKSLSLSPGK 
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ftixaihiile StKltvM -Ecjflfchg in-MnU^ppr Mbdfej 

The imWUOe response of rodents to sheep jedfclood cells (SRBQ.dependsupon 
competent Tceil interaction with APCs and B cells. Therefore-.the anti-SRBC espouse 
is a useful moael to examine the role that cellular proteins on lymphocytes and APC play 
5 .inme development and maturation of the immune response. The anti-SRBC respohsein 
mice consists of production of IgM and of the various IgG isotypes, including high levels 
of theJgGl isotype, with considerable levels of IgG2a and IgG21> seen as welDIgGl is 
considered to be an isotype-that is driven by a Th2-mediated- immune response, which is 
characterised by the.expression ofccytokines such as D-4, 11-5, and : Il-13. IgG2a and 
30 /IgQ2p isotypes are more characteristic of a Thl -driven. immune response, and-are 

associated with expression of 11-12. finally, the IgG3 isotype.is typical; of T-independent- 
iimmune responses. Ml 4 isotypes are represented in the anti-SRBC response. 

.The course of the anti-SRBC response was followed in mice treated with murine 
•SONi-l-Ig fusion protein (inKBvl-l-Ig) to interrupt KIM- 1 -dependent activity on T cells. 
15 Mice were treated the day before challenge (D -1) with 150 ugs/mouse mKIM-l-Ig, 

challenged with 100 ul of a 10% solution of SRBC (Colorado Serum Company) in PBS 
on day 0, then treated again with 150 ug of mKIM-l-Ig on days 3 and 6. The mice were 
bled for a senlm samples on days 7, 14, 21, and 30 following immunization, andanti- 
SRBC antibody titers were obtained using the hemagglutination assay. This assay relied, 
on the ability of antibodies to crosslink and cluster ("agglutinate") SRBC based on their 
,-pentameric structure (for IgM) or on the presence of a third species anti-idiotypic antisera 
(fonthe Ig classes). 

Li brief, the protocol was as follows. Serum samples were diluted as appropriate 
(1:15 to 1:200), depending on the isotype being measured, and the day of the 

15 response).then titered in 1:2 steps using 96 well assay plates which we obtained from 
Corning (Costar® #3795).. For the IgM assay, the sera samples were assayed in duplicate. 
25 ul of 10% SRBC in glucose-PBS (G-PBS) was added to the wells and the 
agglutination response was allowed to develop for 1 hour at 37°C. For the Ig assays, 
serum samples were loaded into the plates and diluted in triplicate. 25 ul of 1% 

0 2-mercaptoethanol (Sigma), diluted in G-PBS, was added to each serum sample series, 
then the plate was incubated for 30 minutes at 37°C. This was done to break all the 
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disulfide bonds whjch<hpM-togi&toeMgM^^^ elintfantp ahylgM 

tockgrptlhd. Then, 25 fi\ 6fW% SRBC in{3-PBS, and 25 yd of a 1:250 dilution in 
G-PBS of afiti-idiotypip antisera (goat anti-jnouse IgGl, IgG2a,*IgG2b, orIg'G3, all from 
^Soutoern ^iotechnoipgy Associates) was added to-the first 2 of eachtriplicate tocross- 
5 .JinJeOhe anti-SRBC IgGs of that subtype-present. The third well of each triplicate was left 
uhcipsslinked to serve as a control for any residual JgM activity .that jnight have survived 
•the 2-mercaptoethartol treatment. The plates were incubated for 1-hour at 37°C. 
• All assay plates were left overnight at 4°C to stabilize the resulting hemagglutination 
-before'beihg scored and photographed. All titers Were scored as the last dilution that 

'10. : g§ve a positive agglutination readout, 1 

The effect of mKHy!-l-Ig treatment on the anti-SRBC response was compared to 
control groups of mice not challenged with SRBC, or challenged with SRBC but dosed 
with anti-Ct)40l/, nonspecific polyclonal MgG, or PBS. The unchallenged' and ariti-. 
CD40L-treated mice had no anti-SRBC response, as expected, The mice given SRBC 

15 and dosed either with PBS or MgG had robust antibody titers to all classess of Ig tested. 
The mice treated with mKJM-Mg in contrast had a very striking and specific defect in 
-the IgQl anti-SRBC isotype. In 2 independent experiments using the Balb/c strain of 
mice, markedly defective levels of IgGl anti-SBRC were detected (FIGS. 3 and 4). 
Seven days after induction of the anti-SRBC response the IgGl titer Avas on avaerage 

20 70% lower in mKIM- 1-Ig treated mice than in control treated mice. By day 14 after 
induction; of the anti-SRBC response the IgGl titer was reduced by more than 85%. A 
similar defect was observed in 1 experiment using the C57B1/6 strain of mice (FIG. 5). 
Balb/c mice and C57B1/6 mice are considered to have different biases in their immune 
responses, with Balb/c mice being characterized as having a predominantly Th2-mediated 

25 response and C57B1/6 mice having a predominantly Th 1-mediated response. Therefore, 
in these mouse strains the ability of murine KBVI-l-Ig fusion protein to block the IgGl 
isotype production overrode inherent Th-biases in the strains. Surprisingly, the effect of 
mKIM-l-Ig treatment extended to the secondary response, whereby no IgGl was 
produced by memory B cells in response to subsequent SRBC challenge (FIGS. 6 and 7). 
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<GVHD is moiled «»the mouse using pafcefctal.infcbFl cell frarisplantatiort -regimens. 
Splenocytes from the DB A2 strain of mice are injected iv into (DBA2 x C57Bl/$) Fl mice, 
which are referred to as B6D2F1. The injected splenocytes coftstitute the graft, andtbe DBA* 
mouse is the donor ofthat graft. The Fl mouse which receives the graft is themost. Donor T 
cells presentin the graft recognize half of the MHC markers (haplotypes) on host-cells as 
foreign, because they are derived from the other, .C57B1/6. parent. This. induces.a donor T cell 
response against the host resulting in GVHD. When DBA/2 parental spjenocytes areinjected 
4nto 4he B6D2F1 host, chronic GVHD develops. In contrast, wbenC5.7Bl/6 splenocytes are 
injected into the B6D2F1 tost, acute QVHD develops. Although it remains unclear what 
underlying mechanism is responsible for the distinct disease outcomes Using these 2 injection 
protocols it is believed, that the cytokines expressed by the cells contained within-the DBA/2 
splenocyte graft favor the development of chronic GVHD while the cytokines expressed^ the 
cells contained within the C57B1/6 splenocyte. graft favor the development of acute GVHD. 
Reagents which interfere with T cell interactions with antigen presenting cells (e.g., dendritic 
cells, macrophages, B cells: APC) effectively block both acute and chronic GVHD. 
KIM-1 antagonists modify the development of an immunological response in a mouse model of 
chronic GVHD. The ability to block chronic GVHD includes effects on B cell activation and 
proliferation, and on the generation of secreted IgG. Mice are treated intraperitoneally (ip) with • 
KJM-1 antagonists or modifying agents, control treatments, or are left untreated. 4 hours later 
mice receive 1 x 10 8 splenocytes isolated from DBA/2 mice, in an 0.5ml injection given 
intraveneously (iv). The iv injected DBA/2 splenocytes constituted the allograft: 2, 4, and 
6.days after the graft is given, the mice are again treated with KIM-1 antagonists or modifying 
agents or with control treatments. An additional control group of mice receives 1 x 10 8 B6D2F1 
splenocytes, which cannot induce disease in B6D2F1 recipients. Alternatively, ungrafted and 
untreatedS6D2Fl mice are used as controls. Fourteen days after the graft is given the mice are 
sacrificed and examined for-evidence of disease. 

Untreated graft-recipient mice manifest a variety of symptoms that are indicative of the 
development of chronic GVHD. Splenomegaly, or enlargement of the spleen, is evidence that 
donor T cells and host B cells have become activated, arid are undergoing polyclonal expansion, 
with dramatic increases in cell number. The appearance of cell surface proteins such as CD69 on 
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a sytjset of B cells is-indicatiye of & cell. activation. Thefossof I^selectinanplecules<frpm:CP4+ 
and CD$+ T cells is evidence of T cell activation, the secretion of Ig molecules, such as-IgG 
classes^gA, and JgE, either4|ito the serum, or in in vitro cell culture assays, indicates that B 
.cells have beconie.acavated,and have switched their Ig class. In this regard the appearance of 
5 anti-self Igs in the serum or in in vitro cell culture assays shows that Igs that are being produced 
have ihappropriate:autoantigeh recognition. Finally, survivorship can be measured.asan 
outcome of different treatment regimens. Treatment with K1M-1 antagonists (e.g.,«KIM-} jg) or 
Mocks these readouts of the development of chronic GVHD, as shown by reduction in the extent 
of splenomegaly, reduction in the polyclonal expansion of lymphocyte populations, reduction in 
10 ithe appearance or disappearance of cell surface markers indicating lymphocyte, activation, 
reduction of tg secretion, and/or reduction in mortality. 

<We compare control-mice to untreated allograft-recipient mice to examine the extent of 
-splenomegaly, B cell activation, and Ig secretion during GVHD. Anti-CD40L. mAb: MR 1 is used 
as a positive control in these experiments, since it has been previously shown that blocking the 
! GD40iyCD40 interaction is an effective means of interfering with the development of chronic 
GVHD (Durie et al., 1994, /. Clin. Invest. 94: 1333-1338). To investigate cell populations 
affected by treatment with KIM-1 antagonists FACS analyses afe performed on splenocytes 
taken from the recipient mice 14 days after graft injection. Spleen cells from 3-4 mice per group 
are isolated and pooled. Activation of recipient B cells is a defining feature of chronic GVHD. 
In mice undegoing chronic GVHD a small but readily visible proportion of the B200+ B cells 
express the activation marker CD69. Therefore CD69 expression is used as a measure of the 
extent of disease. Total IgG in cultures of splenocytes in mice from different treatment groups is 
also determined, sice the expression of CD69 by B cells is indicative of their activation state. 

Li the mouse model the development of the disease is dependent on the Th2 
cytokine 114, and can be blocked by treating with anti-D4 mAb. Such treatment blocks 
the expansion of host B cells, and the concomitant hyper-Ig production. The 
development of GVHD can be followed in a number of ways. The expansion of the 
donor T cell and host B cell populations is measured by the spleen index, which is the 
ratio of spleen weight to body weight, normalized to control (non-diseased) mice. The 
activation of-B cells in diseased mice is measured using analyses of B cell activation 
markers. Finally, the effects of B cell activation is seen in the levels of Ig in circulation 
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(e:g,, in semm) orjtfoducedbycfclturesoEhost splettosytesfcaryested several weeks after 
disease induction. Circulating Jg in diseased animals wilLcontaifl anti-self antibodies. 
Ultimately, diseased animals succumb-to kidney and other organ failure due to 
accuttiulatedigdeposition, and therefore survivorship is a.relevant measure of 'disease 
'activity. 

^Example 7: SClD-hu Mouse Models 

It is possible to study-human immune responses in the SCID-hu mouse. 'For 
example, SClp mice are injected -intraperitoenally with 2-5 x 1.0 7 human peripheral blood 
-mononuclear cells, and these cells reside and function in the gut for some time, and 
-respond to antigen challenge. NOD-S£It> mice are reconstituted with humari PBLs and 
-these mice have the additional advantage of the seeding of human cells (T, B, APC) into 
jthe spleeh, where systemic immune responses may be supported. Appropriate models are 
discussed in Berney et al., 2001, Transplantation 72: 133-140: Other models of immune 
responses use the SClD/beige mouse and involve cotransplantation of PBLs or fetal cells 
with fetal mesenteric lymph nodes to provide support for immune responses 
(Carballido et al., 2000, Nat. Med. 6: 103-106. 

SCID-hu or NOD-SCID-hu mice are reconstituted with peripheral blood 
mononuclear cells (PBMCs) isolated from tetanus-toxoid (TT) immunized human donors. 
SCn>hu mice so reconstituted have human cells residing in various compartments, 
including the peritoneum NOD-SCID-hu mice so reconstituted have human T cells 
residing in various compartments including within their secondary lymphoid organs, such 
asthe spleen. Primary immune responses are induced in these reconstituted mice by 
•immunization with antigen coupled to TT, or to an antigenic portion of TT, or to 
liposomes, or to liposomes containing TT. Mice so reconstituted and challenged produce 
a high titer (>1:1000) Ig response to antigen (e.g., NP, DNP, KLH, OVA, HTV gpl20 or 
portions thereof, melanoma-associated antigen GD2, and ovine mucin, are just a few of 
many examples). Some examples are presented in Ifverson et al., 1995, Immunology 
84:1 1 1-1 16. Mice so reconstituted and then treated with K1M-1 antagonists or modifying 
agents do not produce a high titer to antigen challenge. 
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to another «netiiodolo;jgy, SCjp^mniice are reconstituted wijh fetal -huinantoo.tt.e, 
•thymus, rfragments;of skin, and mesenteric /lyni^h nodes (MLN). ^he presence of MLN 
is sufficient to support-robust immune responses to TT-immunizatipn (and, since all 
dono* tissue is fetal, this is strictly a primary immune response). This-jnbdeWs discussed 
'5 in detail ih Carballidoet al., 2000, Afaf. Med. 6:103-106. Tt-immuhization causes human 
-lymphocyte proliferation, and activation, and IgM and JgG-secretion by B. cells. 
Treatment ofSClD mice so reconstituted with KIM-1 antagonists or modiJyjrig,agents 
reduces the human lymphocyte proliferation, activation, and the secretion of 
.imiiiuRo^lobulins upon TT-challehgp. 

it) In a modification of these models, or other similar NOD-SClE>-hu pr SCID-hii 

models, secondary immune responses are measured in a "disease setting, e.g., of delayed- 
type hypersensitivity (DTH). In this instance the TT-challenge is given in the footpad of 
SCID or NOD^SCBJ mipe reconstituted with PBMCs from TT-inntoUne individuals, and 
the swelling of the fdotpad is measured in response. The DTH respoftses.relies on ths 

15 presence of human memory T cells in circulation in the reconstituted mouse. Such 
models can also be used to detect the possible rejection of donor tissue in transplant 
patients, as in the "trans vivo" models. An example of this type of approach is discussed 
in Carrodeguas etaL, 1999, Hum. Immunol 60: 640-651. Treatment of mice so 
^reconstituted with KIM-1 antagonists or modifying agents prevents DTH responses. 

20 Other models of human disease responses in the SCID mouse include transfer of 

splehoeytes or PBMCs from autoimmune patients in the mouse, whereby they continue 
expression of immunoglobulins and other markers of disease (see Martino and Grinaldim 
1997, In; Immunology Methods Manual, vol 3. Lefkovits^ ed. Academic Press, San 
Diego). Treatment of these mice with KIM-1 antagonists or modifying ggents^prior to 

25 the transfer of autoimmune cells from patients reduces the expression of 
immunoglobulins or other markers of the autoimmune pathology. 

A very, valuable methodology utilizing the SCID mouse involve the xenografting 
of disease tissue onto the recipient mouse. Methods of transferring skin from psoriasis or 
atopic dermatitis patients for instance are widely used models of these diseases. Atopic 

30 dermatitis is a Th2 mediated cellular immune disease that can be modeled in SCID mice 
by transferring the PBMCs and biopses of skin together to the recipient mouse. 
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Treatment of these.mice «vith,10M- 1 antagonists or modifiers sprevents the cellular 
accumulation and local cytokine secretion which is evidence of activation of lymphocytes 
and effectoF cells .(eosinophils,'b.asophils, etc.) in the skin graft. This is evidence.of 
-efficacy in; preventing dermatitis in the donor patient. 

' Example 8. Othfef Murine Models of Atopic D isease 

Useful models of allegy, asthma, airway hypersensitivity (AHR), ahd otfcer atopic 
diseases are run irt the mpuse. -For example, allergic skin inflammation is induced by 
epicutaneous sensitization with antigen. Iq one example the antigen is ovalbumin (OVA). The 
Th2 fespohse to this sensitizationis shown by the presence of eosinophils in the. skin, local' 
iexpression in the skin of Th2 cytokines, and airway hyperresponsiveness (AHR) to inhaled, 
antigen'. Eosinophils are absent from the skin of OVA-sensitized mice that are first treated' wUh 
iKlM-l-. antagonists or modifiers, and the level of Th2 Cytokines is reduced. Mice that are 
repeatedly sensitized produce OVA-specific IgE, and their splenocytes secrete the Th2 cytokines 
IL-4 and 11^5 following in vitro stimulation with OVA. These readouts of the Th2 immune 
response are blocked upon treatment with KIM-1 antagonists or modifiers. Alternatively, mice 
(e.g., BALB/c mice) can be sensitized with an i.p. injection of antigen, (day 0), then rechallenged 
with intranasal antigen 3 weeks later (once) and 4 weeks later (3 times: days 26, 27, 28, e.g.). 
This produces lung hyperresponsiveness (AHR), which is mediated by Th2 cytokines such as- 
iIL-13. This Th2 immune response is blocked upon treatment with KIM-1 antagonists or 
modifiers. 

-Using the OVA-specific TCR transgenic model (DOl 1.10), we induce an OVA-specific 
immune response, then transfer Th2 OVA-specific T cells to naive recepients, which then are 
challenged with OVA-aerosal. These mice rapidly develop antigen-specific AHR. This 
response is blocked when mice are treated with KIM-1 antagonists or modifiers prior to OVA 
aerosal challenge. 

Methacholine aerosol treatment induces the recruitment of eosinophils to the lung, 
causing AHR in mice. Treatment of mice with KIM-1 antagonists or modifying agents will 
block AHR development. 
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Example 9: C6l}ai>eii-IridlicedAHhhH« 

£h this muri4e .m0.del of arthritis, collagen is used to trigger T cejl-mediated Bcell 
activation arid autoantibody production, which attac.ks.the joints, resulting in a-condition 
which resembles rheumatoid arthritis. Ih various stains of mice this tesponse-is 
5 dorninated by high titers of . IgGl. .In particular, in mice lacking H-12*y genetic 
4e'ficiency 01-12 knockout mice: D-12-/->the IgGl titer is very high, and these Abs 
effectively mediate joint destruction. 

Mice are treated with collagen in complete freund's adjuvant by injecting 
intradermally at 2 sites: a small volume delivered to each ear, and a small volume 
10 delivered to the skin between the shoulders. Three weeks later the mice are boosted with 
soluble collagen in saline, using an intraperitoneal route. Within a week, joint damage is 
assessed by measuring the swelling of the* joint with a caliper andby measuring antibody 
titers. Treatment of mice during the course of disease development ameliorates disease 
score. In particular, treatment with 0.1 - 1 mgftg of KIM-1 antagonists or modifying 
agentsthe day prior to disease initiation, followed by treatments thereafter, will Mode 
disease development, as assessed by reduced joint swelling and reduced immunoglobulin 
titers. This is a prophylatic course of treatment. 

Treatment with KIM-1 a antagonist after induction, and prior to boosting, 
ameliorates disease development, as assessed by reduced joint swelling and. reduced 
20 immunojglpbulin titers. This is a therapeutic course of treatment. Treatment with KIM-1 
antagonists or modifying agents after the boost injection blocks disease development, as. 
assessed by reduced joint swelling and reduced immunoglobulin titers. This is a 
therapeutic course of treatment. 

25 Example 10; Murine Models of Lupus 

In the NZB/W model, mice from the NZB strain are mated with mice from the 
NZW strain, and the Fl progeny develop a lupus like disease over time. Manifestations 
of disease include the production of auto-antibodies and rheumatoid factor. Ig-deposition 
in the kidney results from the high amount of Ig and RF produced, leading to decreased 
30 kidney function over time, as can be measured by proteinuria in the urine. 
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TheWZB/W Fl pro^yibegintoTOaiiifest symptoms of disease at aroUnd 
5 months of #ge, with moderate pfoteiiiuria spores at thabtime (PU of 2). By 9 months of 
age the mice will have reached ataaxiittum PU = 4, and will ftegijti to siiccomb to disease 
a coii30quehQe of. kidney failure. Another, model called SNF1 (SWR x NZB Fl cross) 
*5 follows similar kinetics. 

Mice are treated withO.l - 1 mg/kg of .KIM-1 antagonists the day^prior to disease 
initiation, followed by treatments thereafter. This blocks disease development, as 
measured by the PU score, and/or by measuring titers of immunoglobulin in the seruin, 
tod/pr.byiiiiiftiniohistochemical analysis of hyperplasia in the spleen, arid/or by 
10 immiinohistochemieal analysis of immune complex deposition and changes, in the 
striicttire of the glomeruli in the kidney. 

Treatment with KIM-1 antagonists after induction of disease, Tor example at the 
5th:month,. but prior to severe disease (i.e., PU= 2 -3, ameliorates disease development or 
reverses disease damage. This,can be measured by the PU score, and/or by measuring 
15 titers of immunoglobulin in the serum, and/or by immunohistochemical analysis of 

hyperplasia in the spleen, and/or by immunohistochemical analysis of immune complex 
deposition and changes in the structure of the glomeruli in the kidney. 

Treatment with KIM-1 antagonists after disease is severe (PU = 3-4) blocks 
disease development or reverses disease damage. This can be measured by the PU score, 
20 and/or by-measuring titers of immunoglobulin in the serum, and/or by 
immunohistochemical analysis of hyperplasia in the spleen, and/or by 
immunohistochemical analysis of immune complex deposition and changes in the 
structure of the glomeruli in the kidney. 



Other embodiments are within the following claims. 




<CLAIMS 

1 LA method of inhibitiqg signaling between a T cell and a second cell participating-in an 

2 immune response in a mammal, comprising: 

3 (a) identifying a mammal selected from the group consisting of a mammal with an 

4 immune disease or disorder and a mammal in preparation for a tissue graft; and 

5 (b) administering to the mammal an effective amount of a KIM-1 antagonist selected 
*6 from the group consisting of: (i) a polypeptide comprising a KIM-1 Ig domain, ancl 

7 lacking a transmembrane domain and a KIM-1 cytoplasmic domain; (ii) an anti-KIM-1 

8 4i>tibody; and (iii) an antigen-binding fragment of an ahti-KIM-1 antibody. . 

1 2. The. method of claim 1, wherein the second cell is an antigen presenting cell (APC). 

1 3. The method of claim 1, wherein the T cell is an activated T cell. 

1 4. The method of claim 1, wherein the T cell is a T helper cell. 

1 5. The method of claim 4, wherein the T helper cell is a Th2 cell. 

1 6. The method of claim 1 , wherein the T cell is a grafted, donor T cell. 

1 7. The method of claim 1, wherein the APC is selected from the group consisting qf a 

2 monocyte, a macrophage, a dendritic cell, and a B cell. 

1 8. The method of claim 1, wherein the APC is presenting an autoantigen. 

1 9. The method of claim 1 , wherein the polypeptide further comprises a KIM-1 mucin 

2 domain. 

1 10. The method of claim 1 wherein the polypeptide further comprises a heterologous 

2 moiety. 

1 11. The method of claim 10, wherein the heterologous moiety is selected from the group 

2 consisting of an immunoglobulin (Ig) moiety, a serum albumin moiety, a targeting 

3 moiety, a reporter moiety, and a purification-facilitating moiety. 
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1 12. Themethod of claim 1 lrwhe^itt-Oie heterologous .inoiefy is. an Ig moiety. 

1 13. The mejhod of claim 12, wherein-the Ig moiety is an Fe moiety. 

1 14. The method of claim 1 , wherein the polypeptide is conjugated to a polymer. 

1 15. The method of claim 14, wherein the polymer is selected from the group consisting 

2 ; ofajpolyalkylene glycol, a sugar polymer, and a polypeptide. 

1 V6. The method of claim 15, wherein, the polymer is a polyaikylene glycol. 

1 17. The method of claim 16, wherein the polyaikylene glycol is polyethylene glycol 
.2 (PEG). 

1 18. The-method of claim 17, wherein the average molecular weight of the polymer is 

2 from 2,000 Da to 30,000 Da. 

1 19. The method of claim 1 8, wherein the average molecular weight of the polymer is 

2 from 5,000 Da to 20,000 Da. 

1 20. The method of claim 19, wherein the average molecular weight of the polymer is 

2 about 10,000 Da. 

1 21. A method of inhibiting activation of a B cell in a mammal, comprising contacting the 

2 J& cell with an effective amount of a KIM- 1 antagonist selected from the group consisting 

3 of: (a) a polypeptide comprising a KIM-1 Ig domain, and lacking a transmembrane 

4 domain and a KIM-1 cytoplasmic domain; (b) an anti-KIM-1 antibody; and (c) an 

5 antigen-binding fragment of an anti-KIM- 1 antibody. 

1 22. The method of claim 21 , wherein the activation of the B cell is mediated by an 

2 activated T cell. 

1 23. The method of claim 22, wherein the activated T cell is a Th2 cell. 

1 24. The method of .claim 22, wherein the activated T cell is a grafted, donor T cell. 
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1 25. A method^ inhibiting production in a mammal of a subsetof antibodies agaihstone 

2 or more antigens, comprising administering an effective amoutit of a KIM-1 antagonist 

3 selected from:the group consisting of: (a) a polypeptide comprising *KM-M B domain, 

4 and lacking a transmembrane domain and a KIM-1 cytoplasmic domain; (b) an anti- 

5 :fpM-l antibody; and (c) an antigen-binding fragment of an anti-KIM-1 antibody. 

1 26. The method of claim 25, wherein the antibodies are of the IgG class. 

1 -27. The method of claim 26, wherein the antibodies are of IgGl subclass. 

1 28. The method of claim 27, wherein the effective amount of the polypeptide^ 

2 administered to the mammal between 30 minutes and 30 days before the immune system" 

3 of the mammal first recognizes the one or more antigens.. 

1 29. The method of claim 28, wherein the one or more antigens are aJlpantigcns. 

1 30. The method of claim 28, wherein the one or more antigesns are autoantigens. 

1 31. The method of claim 28, wherein the immune system of the mammal first recognizes 

2 the one or more antigens as part of an epitope spreading process in the course of an 

3 autoimmune disease. 
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32. A method of inhibiting epitope spreading in an autoimmune disease, comprising 
administering administering an effective amount of a-KIM-1 antagonist selected from the 
group consisting of: (a) a polypeptide comprising a KDVI-1 Ig domain, and lacking a 
transmembrane domain and a KDVI-1 cytoplasmic domain; (b) an anti-KIM-1 antibody; 
and .(c) an antigen-binding fragment of an anti-KIM-1 antibody. 

33. A method of treating a Th2 cell-mediated disease, comprising administering an 
effective amount of a KIM-1 antagonist selected from the group consisting of: (a) a 
polypeptide comprising a KIM-1 Ig domain, and lacking a transmembrane domain and a 
KIM-1 cytoplasmic domain; (b) an anti-KIM-1 antibody; and (c) an antigen-binding 



5 fragment of an anti-KIM-1 antibody. 
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34. ^^00^1^33,^^ 

•group cpnsisJing-ofmyastjHenia gravis, autoimmune hemolytic anerpia/Chagas^s^e, 
'Graves disease, idiopathic thrombocytopenia purpura (ITP), Wegener's granulomatosis, 
polyarteri.tis;nddosa, rapidlyprogressive crescentic glomerulonephritis., graft-yersus-host 
disease (GVHD), and systemic lupus nephritis (SLE). 

35. A method of inhibiting GVHD, comprising administering an effective amouht.of,a. 
KIM-1 antagonist selected from the group consisting of: (a) a polypeptide comprising a 

'KJM-1 Ig domain, and lacking a trapsmembrane domain and a KIM-1 cytoplasmic 
domain; (b) an anti-KIM-l antibody; and (c) an antigen-binding fragment of ah.anti- 
antibody. 

36. A polypeptide comprising a KIM-1 Ig domain and an Fc moiety, and lacking a 
transmembrane domain and a KIM-1 cytoplasmic domain. 
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